Desorption electrospray ionization mass spectrometry (DESI-MS) was applied for the first time to the analysis of semivolatile organic compounds (SVOC) in atmospheric aerosols. We took polycyclic aromatic hydrocarbons (PAHs) as representatives of SVOCs. The DESI-MS conditions were optimized and the limit of detection for PAHs was about 10 pg with 5 s sampling time. PAHs from both laboratory-made biomass burning aerosols and ambient aerosols were selectively and rapidly analyzed without extraction or preconcentration. The observed PAH species and their relative ion intensities are discussed. This work demonstrates that DESI-MS is a promising method for rapid semiquantitative analysis of SVOC in atmospheric aerosols. (J
vacuumed to the inlet of the mass spectrometer [23] . The DESI phenomenon was observed for compounds ranging from nonpolar, small molecules such as lycopene [22] , to larger biomolecules such as peptides and proteins at sensitivities as low as several pg in mass [24] . This simple and rapid analysis method has been applied to high-throughput metabolomics [25] , explosives detection [26] , and biological tissue imaging [27] .
Here, we report the application of DESI-MS to the analysis of PAHs (as representatives of SVOCs) in atmospheric aerosols for the first time. PAHs from biomass burning aerosols and ambient aerosols were selectively and rapidly analyzed by DESI-MS without extraction or preconcentration. The limit of detection (LOD) for PAHs, the PAH species observed in the two types of samples, and their relative signal intensities are discussed.
Experimental

Experimental Conditions of DESI
DESI-MS analyses were carried out using a commercial ThermoFinnigan (San Jose, CA) LCQ Advantage ion trap mass spectrometer equipped with a DESI ion source, which was modified from the original ESI source by adding a 3D moving sample stage to the ESI manifold [21] . The sample stage includes a sample holder, a horizontal rotating stage, and a 3D linear moving stage to manually control the sprayer-samplemass spectrometer distance and the impact angles. Experimental parameters for DESI-MS were carefully optimized to enhance the signal intensity by using a standard PAH solution, with 16 EPA priority pollutants in methanol (EPA 610/525/550 PAH mixture, 100 g/mL for each PAH, lot 323-55A), which was purchased from ChemService (West Chester, PA). The diluted standard PAH solution was deposited on the glass surface of microscope slide. The optimized operating parameters of DESI-MS are listed in Table 1 . We tested methanol, hexane, cyclohexane, acetonitrile, acetic acid, ammonia/water, and their combinations as the spray solution and compared the signals in both positive ion and negative ion mass spectra. Methanol with 1% acetic acid gave the strongest signal for PAHs in positive ion mass spectra. The experiments were conducted in a fume hood with sufficient ventilation, and a respirator was used by the operator considering the toxicity of PAHs.
Biomass Burning Aerosols
Biomass burning aerosols were generated by the combustion of rice straw in a homemade burner in which the amount of the biomass material and the burning condition (flaming/smoldering) can be controlled. In this experiment, 20 g rice straw was burned under flaming conditions. The low ratio of CO/CO 2 in the gas phase by GC analysis indicated that the rice straw was burned completely. The rice straw was collected from the rural areas of Shanghai. The moisture content of the rice straw was around 11%. Total suspended particulates (TSP) of the generated aerosols were collected on quartz fiber filters with a 90 mm diameter (Whatman Inc., Maidstone, UK) by a medium-volume aerosol sampler (Beijing Geological Instrument Factory, Beijing, China) at a flow rate of 100 L/min. After 5 min sampling duration, the filter was taken out. A 15 mm ϫ 15 mm piece was cut out and attached to the sample stage for DESI-MS analysis without extraction or preconcentration. For comparison, the rest of the sample was analyzed by GC-MS coupled with supercritical fluid extraction (SFE) [6, 17] . Typically, each DESI sampling spot in this analysis was about 1 mm 2 in area and the sampling duration for each spot was 5 to 10 s. DESI mass spectra were taken by scanning the whole sample surface and averaging the results for all spots.
Ambient Aerosols
The ambient aerosols were collected on a building roof (ϳ15 m high) in Fudan University. The sampling site is representative of urban Shanghai, with mixing of residential, traffic, and construction sources [28] . Particulate matter with a diameter less than or equal to 2.5 m (PM 2.5 ) samples were collected on quartz filters (Whatman Inc., Maidstone, UK) by the same medium-volume sampler as used in biomass burning aerosol sampling at a flow rate of 77.54 L/min. These ambient aerosols were collected from 9:09 AM January 18, 2007 to 9:36 AM January 19, 2007 . The sample was transported to our laboratory in sealed plastic bags immediately after sampling and stored at Ϫ18°C for later analysis.
Results and Discussion
LOD and Dynamic Range for PAHs
Under the optimized operating condition, all the 16 PAHs were observed in the DESI-MS spectra of standard samples although some of them are isomers and thus overlapped. All the PAH ion signals are in the forms of molecular ions (M ϩ ) or protonated molecular ions ([M ϩ H] ϩ ), making the spectral assignment rather straightforward. The mass to charge ratio (m/z) for each PAH ion detected in the DESI-MS spectra is described below. To test the LOD and the dynamic range for this method, calibration was carried out between the total PAH signal intensity and the amount of PAHs deposited. As shown in Figure 1 , a dynamic range of three orders of magnitude was observed. The LOD is about 10 pg with 5 s sampling time using this particular mass spectrometer.
PAHs in Biomass Burning Aerosols
PAHs can be generated by natural or anthropogenic sources. Biomass burning of agricultural residue disposal produces different types of PAHs and is regarded as one of the major anthropogenic sources [29 -31] . In this work, we used laboratory-made aerosols from rice straw burning as the biomass burning samples. Figure  2a We did not observe the naphthalene (Nap) molecular ion here, probably because of its relatively high vapor pressure and extremely low concentration in the particle phase [33] . The dominant PAH peaks in Figure 2a clearly show that the optimum DESI method can selectively analyze PAHs in aerosol samples without extraction or preconcentration. This is important for trace analysis of complex environmental samples. For the cases of natural surfaces samples, such as aerosol samples, use of internal standards does not give strictly quantitative results [22] . Here, we used a standard PAH solution deposited on the glass surface of the microscope slide for calibration ( Figure 1 ) and attempted to gain a semiquantitative estimation of the total PAH concentrations from the ion signal intensities. The differences between the glass surface and the sample surface as well as the matrix effect of the aerosol sample could influence the quantitative accuracy of the DESI measurements of analytes. The total mass concentrations of PAHs (m PAH /m TSP ) in biomass burning aerosols measured by DESI-MS and SFE/GC-MS method are listed in Table 2 . The DESI-MS measurements are in reasonable agreement with those by the GC-MS.
In Figure 2a , the intensities of ions due to 5-and 6-ring PAHs (252, 277, and 279) are much stronger than those of the 3-ring PAHs (153, 155, 167, 179) . Comparing the relative responses factors of PAHs with known concentrations in the DESI mass spectra, we conclude that the mass concentrations of large PAHs are higher than those of small PAHs in aerosols from rice straw burning. Again, the DESI-MS observations agree well with those from the GC-MS measurements: Mass concentrations of the 5-and 6-ring PAHs are about three times those of 3-ring PAHs.
PAHs in Ambient Aerosols
The PAHs in ambient aerosol were also sampled and analyzed by DESI-MS, as shown in Figure 2b . The compositions of ambient aerosols are relatively complex, so for clarity, only the histogram is presented here. The total PAHs concentration was estimated at 17 g/g in PM 2.5 or 5.5 ng/m 3 in air from the DESI-MS analysis, which agrees well with the GC-MS measurement (6.6 ng/m 3 ). The PAH species observed in biomass burning and ambient aerosol samples have different relative ion intensities. In ambient sample, the ion signal intensities for the observed PAHs are close to one another except for the strong 179 (Ant and Phe) ion. The differences between the two types of samples could be due to different pollutant sources and evolution pathways as well as the degradation of larger PAHs in the ambient aerosols.
Conclusions
This study demonstrates that DESI-MS is a powerful tool for the rapid analysis of SVOC in atmospheric aerosols, at least for PAHs. The optimized experimental conditions can selectively detect target components in a complex system. Because of the high sensitivity and selectivity, samples can be directly analyzed without extraction or preconcentration, which prevents analyte loss or change and thus yields more accurate aerosol composition. Since DESI is a soft ionization method, most of the components in the analyte samples can retain their molecular structures with little or no fragmentation, making the mass spectrum interpretation relatively easy. The small sampling areas required can be useful for trace analysis. These results render DESI-MS a promising method for the analysis of other SVOC, especially those compounds that are prone to loss or chemical change in the pretreatment procedures. 1  1020  990  2  380  800  3  240  280  4  4 90  510  5  391  823  6  564  648  7  549  559 
